The double-stranded (ds)RNA components of two serologically related viruses (019/6-A and 38-4-A), obtained from Gaeumannomyces graminis, have been compared. 019/6-A virus has two RNA components, dsl and ds2, whereas 38-4-A virus has three RNA components , ds 1, ds2 and ds3. T1 oligonucleotide fingerprint analysis and saturation hybridization experiments indicated that 019/6-A dsl and 38-4-A dsl were very similar, whereas 019/6-A ds2 and 38-4-A ds2 were about 50% homologous. 38-4-A ds3 had little homology with dsl or ds2 of either virus. The single-stranded (ss)RNA transcripts of 38-4-A virus dsl, ds2 and ds3 each directed the synthesis in vitro of a single polypeptide, with mol. wt. 62000, 55000 and 52000 respectively. Peptide mapping showed that these three polypeptides were unrelated in sequence and that ds2 encoded the virus capsid polypeptide. The ds3 is probably not required for the replication of 38-4-A virus and may be regarded as a satellite RNA.
INTRODUCTION
Recently, thirteen viruses obtained from the wheat take-all fungus, Gaeumannomyces graminis var. tritici were classified into three groups based on physical and serological properties and on their double-stranded RNA (dsRNA) and capsid polypeptide mol. wt. (Buck et aL, 1981a) . A noticeable feature of viruses within groups I and II was that the number of dsRNA components of individual viruses ranged from two to four, and sometimes even viruses which were closely related serologically differed in the number of their dsRNA components. It was considered likely that two dsRNA components were required for replication of all the viruses in these two groups and that some viruses carried additional non-essential dsRNAs. Such additional RNAs might be derived by deletion from others, perhaps in a way analogous to some of the defective-interfering RNAs of animal viruses (Huang & Baltimore, 1977) . Alternatively, they might be unrelated to the virus genome RNAs, possibly analogous to the additional dsRNAs which determine the killer characteristic of certain strains of Saccharomyces cerevisiae (Bevan & Mitchell, 1979) or to satellite RNAs which are associated with some plant viruses (Mossop & Francki, 1978) .
We studied two closely serologically related group I viruses, 019/6-A and 38-4-A. Both viruses have dsRNA components, designated ds 1 and ds2, of tool. wt. 1-27 × 106 and 1.19 × 106 respectively; 38-4-A virus contains an additional dsRNA, designated ds3 (mol. wt. 1.09 × 106). To determine the nature of this additional RNA, the dsRNAs of the two viruses were compared by fingerprinting and by hybridization analYsis. Furthermore, polypeptides synthesized in vitro in a reticulocyte lysate system programmed by single-stranded (ss)RNA transcripts of each of the three dsRNA components of 38-4-A virus were compared by peptide mapping.
METHODS
Buffers. PK buffer: 0.03 M-NaH2PO 4 + 0.15 M-KC1, adjusted to pH 7.6 with NaOH; 2TAE buffer: 0-08 M-tris + 0-04 M-sodium acetate ÷ 0.004 M-NaEEDTA , adjusted to pH 8 with acetic acid; TNE buffer: 0.005 M-tris + 0.01 mM-NaEEDTA + 0.015 M-NaC1, adjusted to pH 7.9 with HCl; STE buffer: 0.04 M-tris + 0.008 M-Na2EDTA + 0-8 M-NaC1, adjusted to pH 6-85 with HCI; 2SSC buffer: 0-03 M-citric acid + 0-3 M-NaCI, adjusted to pH 7 with NaOH.
Isolation and purification of virus. Unlabelled 019/6-A and 38-4-A viruses were isolated from 60 1 cultures of G. graminis var. tritici, isolates 019/6 and 38-4 respectively, and purified as described previously (Buck et al., 1981 a) . For preparation of in vivo 35S-labelled 38-4-A virus G. graminis var. tritici, isolate 38-4, was shake-cultured at 24 °C for 8 days in six 500 ml flasks, each containing 100 ml of Lilly & Barnett's (1951) defined medium, modified by lowering the sulphate concentration to 0-1 mM and adding 200gCi [3~S]sulphate (2 mCi/ml carrier-free, Amersham International) to give a final radioactive concentration of 20 Ci/mol sulphate. The fungus was harvested by filtration, washed with water, homogenized by two passages through a Pascall triple roll mill (Pascall Engineering, Crawley, Sussex, U.K.) and suspended in 10 ml ice-cold PK buffer/g wet wt. of fungus. 38-4-A virus was then isolated by differential low-and high-speed centrifugation, polyethylene glycol precipitation and sucrose density-gradient centrifugation as described previously (Buck et al., 1981 a) .
Isolation and separation of dsRNA components. Virus dsRNA was prepared by phenol extraction as described previously (Buck et al., 1981 a) . Individual dsRNA components were isolated by preparative polyacrylamide gel electrophoresis (PAGE). The 40 x 20 x 0.3 cm slab gels [prepared from 4 % acrylamide and 0-04 % N,N'-methylenebisacrylamide in 2TAE buffer (Ratti & Buck, 1972) ] were cast without slots so that their whole length could be used to accommodate large amounts of dsRNA (1 to 5 mg in 5 ml TNE buffer). Gels were pre-electrophoresed in 2TAE buffer at 200 V for 5 h and electrophoresis of the dsRNA was at 100 V (80 mA) overnight and 200 V (150 mA) during the day, to give 9000 V.h with two changes of 2TAE running buffer each day. After electrophoresis bands were stained for 15 min in the dark with 0.01% ethidium bromide and then observed by fluorescence on a 310 nm u.v. lamp. The dsRNA components were extracted from the gel as described by Schuerch et aL (1975) .
Preparation and separation of ssRNA transcripts. Full-length ssRNA transcripts of the virus dsRNA components were synthesized using the virion-associated RNA polymerases and were isolated from reaction mixtures as described previously (Buck et al., 1981b) . Individual ssRNA components were separated by electrophoresis in 20 x 20 x 0.15 cm slab gels containing 4% acrylamide, 0.04% N,N '-methylenebisacrylamide, 8 M-urea, 0.1% SDS and TAE buffer (urea-PAGE, Buck & Ratti, 1977) . Up to 1 mg RNA in t ml TNE buffer was loaded on to a gel and electrophoresis was for 40 h at 100 V with a top electrode buffer of TAE + 0.1% SDS and a bottom electrode buffer of TAE + 0.1% SDS + 8 M-urea. After electrophoresis the gel was washed in water for 2 h and the ssRNA bands were then located and extracted as described above for the dsRNA components.
Fingerprinting ofdsRNA components. RNA components were denatured in TNE buffer at a concentration of 0.2 mg/ml by heating at 100 °C for 3 min in a sealed capillary, then cooling rapidly in ice to prevent re-annealing. Dissociated RNA (1/~g) was digested with T 1 ribonuclease and alkaline phosphatase and the products were 5'-labelled with polynucleotide kinase (P-L Biochemicals, Windsor, Berks., U.K.) and [~,-32P]ATP (50/~Ci) in a single incubation as described by Loviny & Szekely (1973) . The in vitro labelled T1 oligonucleotides were separated by two-dimensional polyacrylamide gel electrophoresis (Kennedy, 1976) and detected by autoradiography with Kodak Blue Brand X-ray film.
Hybridization analysis. 3H-labelled ssRNA transcripts were annealed to dissociated dsRNA with either a dsRNA or ssRNA excess. Conditions for strand dissociation of dsRNA, annealing and ribonuclease digestion were essentially those described by Vandewalle & Siegel (1976) . In experiments with dsRNA excess, a mixture of 1000 to 10000 ct/min 3H-labelled ssRNA (0-1 to 1 #g) and 0 to 25 #g dsRNA in 150~1 0.1 M-TNE buffer was heated at 100 °C for 5 min and then rapidly cooled in ice. To this denatured RNA was added 50/tl STE buffer and the mixture was incubated at 70 °C for 4 h to allow re-annealing. After cooling, 25/A ribonuclease A (10 #g/ml in 2SSC buffer) was added and the solution was incubated at 30 °C for 2 h. Ribonuclease-resistant hybrid dsRNA was then precipitated with trichloroacetic acid (TCA), filtered, washed and counted for 3H as described previously (Buck et al., 1981 b) .
The conditions for experiments with ssRNA excess were the same as those with dsRNA excess, except that 1/~g 3H-labelled ssRNA (25 000 ct/min) and 0.1/,tg dsRNA were used. The maximum amount of radioactivity protected as ribonuclease-resistant, TCA-precipitable hybrids is one-twentieth of the input. Since the degree of hybrid formation depends critically on the amount of dsRNA, homologous and heterologous 3H-labelled ssRNA transcripts were tested against constant aliquots of each dsRNA.
SDS-PAGE of poIypeptides. Virus or protein samples were denatured by heating at 100 °C for 3 min with 1% SDS and 1% 2-mercaptoethanol and then analysed by electrophoresis in either (i) 20 × 20 × 0.15 cm slab gels of 8% polyacrylamide-0.1% SDS (Buck & Ratti, 1975) at 100 V for 16 h with 0-1 M-sodium phosphate, 0.01 M-EDTA, 0.1% SDS pH 7.2 as electrode buffer, or (ii) in 10 × 20 × 0.15 cm slab gels of 16% polyacrylamide-0.1% SDS overlaid with a 5 × 20 × 0-15 cm stacking gel of 3% polyacrylamide, at 100 V for 16 h with the buffer system described by Laemmli (t970). After electrophoresis, gels were washed in water for 3 h to remove SDS, then stained for 2 h in Coomassie Blue [2-5 % (w/v) Coomassie Brilliant Blue R in acetic acid :methanol:water, 1:5:4 by vol.] and destained with acetic acid:methanol:water, 1:5:4 by vol. 35S-labelled polypeptides were detected by fluorography (Laskey & Mills, 1975) . Mol. wt. were determined from plots of log mol. wt. versus mobility with the following standards: bovine serum albumin (66300); 38-4-A virus capsid polypeptide (55000); lactate dehydrogenase (34 000); trypsinogen (24 000); lysozyme (14 300).
In vitro translation. The messenger RNA activity of separated 38-4-A virus in vitro synthesized transcripts was assayed in a rabbit reticulocyte lysate preparation in which endogenous mRNA had been destroyed by treatment with micrococcal nuclease (Pelham & Jackson, 1976) . The lysate (Amersham International) contained inter alia, Ca z+ (1 mM), EGTA (2 mM), haemin (0.02mM), dithiothreitol (2 mM), creatine phosphate (10raM), creatine kinase (50/dg/ml), K + (118 mM), Mg z+ (2 mM), ATP, GTP and endogenous amino acids. A mixture of 100~tl of lysate, 20/,d e-[35S]methionine (10mCi/ml, 930 Ci/mmol, Amersham International) and 20/A RNA (1 to 3/~g) in TNE buffer was incubated at 30 °C for 90 rain; after incubation the mixtures were cooled to 0 °C. To measure the radioactivity incorporated into acid-insoluble product, 4 ~tl amounts of reaction mixture were mixed with 0-5 ml 1 M-NaOH containing 5 % (w/v) 'I00 vol.' hydrogen peroxide and incubated at 37 °C for I0 min. After cooling to 0 °C protein was precipitated by mixing with 3 ml ice-cold 25 % (w/v) TCA containing 2% (w/v) casein hydrolysate (Oxoid). After 15 min at 0 °C, the precipitate was filtered on to Whatman GF/C glass-fibre discs washed with 4 × 5 ml ice-cold M. A. ROMANOS, K. W. BUCK AND C. J. RAWLINSON 8% (w/v) TCA, twice with 5 ml ethanol and once with 5 ml ether and then dried at 180 °C for 10 rain. Discs were counted for 3~S under 5 ml of a toluene-based scintillation fluid. Tryptic peptide analysis. The major in vitro translation products of the three 38-4-A ssRNA transcripts, and the in vitro 35S-labelled capsid protein, were compared by a modification of the method of Morrison & Lodish (1975) . Aliquots (25 gl) of lysate reaction mixture containing the translation products (40 000 to 100 000 ct/min acid-insoluble product) or of in vivo 35S-labelled capsid polypeptide (10000ct/min) were denatured and electrophoresed in a Laemmli (1970) SDS-polyacrylamide gel at 100 V for 18 h. The gel was dried under vacuum on Whatman 3MM paper and autoradiographed overnight at -70 °C with pre-flashed Fuji RX film. Using the autoradiogram, the major translation products were located and excised with a scalpel blade. The dried gel slices were then chopped into small pieces, swollen in 1 ml 1% ammonium bicarbonate containing 100#g trypsin (TPCKtreated, Boehringer Corp., Lewes, Sussex, U.K.) and extracted overnight at 37 °C with shaking. The gel fragments were removed by centrifugation and re-extracted with 1 ml ammonium bicarbonate/trypsin for 5 h. Ammonium bicarbonate was removed from the combined supernatants by three cycles of freeze-drying and dissolution in water and the final residue was dissolved in water (200 pl).
The tryptic peptides were then separated by paper electrophoresis. Solutions were applied as 3 cm streaks on a line 15 cm from the end of a 55 cm-long sheet of Whatman 3MM paper and electrophoresed at 3 kV for 1 h in pyridine-acetate buffer pH 3.5 (pyridine:acetic acid:water, 0.5:5:94.5 by vol.). The paper was then dried and cut at 1 cm intervals from the origin, and the radioactivity in each 1 × 3 cm strip was determined by counting for 35S under 5 ml of a toluene-based scintillation fluid.
RESULTS

Fingerprinting of dsRNAs of O19/6-A virus and 38-4-A virus
The dsRNAs of 019/6-A and 38-4-A viruses were separated by PAGE and then extracted from the gels as described in Methods; each dsRNA was found to be homogeneous when re-examined by PAGE. Each dsRNA was heat-denatured, incubated with T1 ribonuclease, 5'-labelled and the T1 oligonucleotides were separated by two-dimensional polyacrylamide electrophoresis. Resulting fingerprints are shown in Fig. 1 and 2 .
Although the fingerprints wet6 reproducible the relative intensities of the spots varied depending on the activity of the polynucleotide kinase. The fingerprints showed variable background streaking and smearing, as well as some faint, minor spots. Background smearing is also noticeable in fingerprints of dsRNA from other viruses (Bruenn & Kane, 1978; Kane et al., 1979) and may arise from partial degradation of the dsRNA during thermal denaturation. The faint, minor spots may arise from sequence heterogeneity of the dsRNA species, as has been found in yeast viral dsRNAs (Bruenn & Brennan, 1980) , or possibly from base pairing of complementary oligonucleotides.
The upper region of fingerprints contains small T1 oligonucleotides, common to all RNAs, and the lower region contains the large T1 oligonucleotides specific to each dsRNA. The numbers of specific oligonucleotides were as follows. 019/6-A virus: dsl, 39; ds2, 41.38-4-A virus: dsl, 31; ds2, 28; ds3, 27. Minor T1 oligonucleotides in the fingerprints of the two dsRNAs of 019/6-A virus account for the slightly larger number of specific oligonucleotides found for these RNAs. The theoretical number of T 1 oligonucleotides, containing 10 or more nucleotides, for RNAs with 25% G residues and mol. wt. in the range 1.09 x 106 to 1.27 x 106, calculated according to Kane et al. (1979) , is 22 to 27.
Fingerprints of 38-4-A virus ds 1, ds2 and ds3 were all different ( Fig. 1 ) and non-identity of T1 oligonucleotides was confirmed by co-electrophoresis. Similarly, fingerprints of 019/6-A Fig. 3 . Hybridization of 38-4-A virus JH-labelled ssl probe to saturation with 38-4-A virus dsl, ds2 and ds3. 7400 ct/min (about 0-8 #g) of ssl were annealed to increasing amounts of ds 1 (0), ds2 (A) or ds3 (11). Hybridization is expressed as the percentage of input ssRNA label which becomes ribonuclease-resistant in the hybridization conditions described in Methods. virus dsl and ds2 had few, if any, T1 oligonucleotides in common (Fig. 2a, b) . However, fingerprints of 019/6-A dsl and 38-4-A dsl and those of 019/6-A ds2 and 38-4-A ds2 were similar. Identities of T 1 oligonucleotides were confirmed by co-electrophoreses which are shown diagrammatically in Fig. 1 (d, e) and Fig. 2 (c, d) .
The degree of homology between two RNA species may be estimated from the fraction of identical large T1 oligonucleotides. This makes the assumption that overlapping T1 oligonucleotide spots are identical and not just sequence isomers. A small number of overlapping spots may be discounted as insignificant for this reason, unless their identity is confirmed by sequencing. The assumption is also made that the large T1 oligonucleotides which account for 10 to 15 % of the whole sequence, represent the whole sequence. 38-4-A virus dsl and 019/6-A virus dsl shared 27 common T1 oligonucleotides indicating a high degree of sequence homology. 38-4-A virus ds2 and 019/6-A virus ds2 had 12 common T1 oligonucleotides suggesting a lower but significant homology.
Comparison of the dsRNAs of 38-4-A and 019/6-A viruses by hybridization
Full-length tritiated ssRNA transcripts of the dsRNAs of 38-4-A virus and 019/6-A virus were obtained by in vitro transcription (Buck et al., 1981 b) and separated by urea-PAGE.
Transcripts from dsl, ds2 and ds3 are designated ssl, ss2 and ss3 respectively. After extraction from the gels as described in Methods, each ssRNA component was homogeneous by urea-PAGE. Each ssRNA transcript was tested for hybridization both with its template dsRNA and with heterologous dsRNAs. Saturation hybridization was performed in both dsRNA excess and ssRNA excess. In the former case 3H-labelled ssRNA hybridization can be accurately measured. However, since an excess of both positive and negative strands are used and since completely homologous strands anneal more rapidly than partially homologous strands (Gould & Symons, 1977) , the method can underestimate homology. In the latter method this problem is avoided by reducing dsRNA concentrations (to reduce self-annealing) and by saturating with increasing concentrations of 3H-labelled ssRNA. However, absolute degrees of homology are difficult to estimate because of errors in measuring unlabelled dsRNA, e.g. RNA may contain acrylamide impurities which contribute to its A260. Therefore, in hybridization with ssRNA excess, fixed amounts of dsRNA were employed and heterologous hybridization was normalized to homologous hybridization.
In the first experiment 3H-labelled ssl of 38-4-A virus was hybridized to increasing amounts of dsl, ds2 and ds3 from the same virus (Fig. 3) . A 20-to 25-fold excess of dsl almost saturated ssl, protecting about 92% of the radioactivity as ribonuclease-resistant hybrid. Hybridization with ds2 and ds3 saturated at low levels, 7 % and 4 % respectively (or Table 1 
. Hyd~qdization analysis with pairs of RNAs of 38-4-A virus and O19/6-A virus
RNA pair* 38-4-A 1 and 38-4-A 2 38-4-A 1 and 38-4-A 3 38-4-A 2 and 38-4-A 3 019/6-A 1 and 019/6-A 2 019/6-A 1 and 38-4-A 1 019/6-A 2 and 38-4-A 2 Homology (%)t 7 (dsl) 8 (ds2) 7 (ssl) 6 (ss2) 6 (dsl) 5 (ds3) 8 (ssl) 7 (ss3) 6 (ds3) 9 (ds2) 8 (ss2) 11 (ss3) 8 (ssl) 10 (ss2) 100 (019/6-A dsl) 96 (019/6 A ssl) 56 (019/6-A ds2) 54 (019/6-A ss2) * One of the pair was dsRNA and the other was ssRNA in each experiment. Hybridizations were carried out either with unlabelled dsRNA in excess and 3H-labelled ssRNA as the probe, or with 3H labelled ssRNA in excess and unlabelled dsRNA as the probe, as described in Methods.
t Expressed as percentage of the homologous hybridization. In each experiment the RNA probe was hybridized with the homologous RNA in excess, as well as with the heterologous RNA in excess. RNA used in excess is given in parentheses. methionine (final concn. 1-4 pCi/ml) and 2 pl ssRNA were incubated at 30 °C for 90 rain, precipitated with TCA and radioactivity of the precipitate was measured. Values refer to the total reaction volume (14/tl). 8% and 5% of the value for dsl). The fact that the ds2 and ds3 curves saturate is evidence that these dsRNAs are not cross-contaminated with ds 1 and that the low level of homology is real.
Since 38-4-A virus ssl saturates with all three dsRNAs in a 20-to 25-fold excess, all further experiments were conducted using a 20-fold excess of either dsRNA or of ssRNA. Results of the heterologous hybridization are given in Table 1 . To facilitate comparison of dsRNA excess and ssRNA excess hybridizations, results are expressed as the percentage of homologous hybridization. The results indicate considerable sequence homology between 38-4-A ds 1 and 019/6-A dsl, appreciable homology between 38-4-A ds2 and 019/6-A ds2, but little homology between the different RNAs of a single virus. The dsRNA excess and ssRNA excess hybridizations agreed well.
In vitro translation of the ssRNA transcripts of the three 38-4-A virus dsRNAs
The three 38-4-A virus transcripts ssl, ss2 and ss3 were incubated individually in rabbit reticulocyte lysates containing
The transcripts stimulated L-[35S]methionine incorporation into acid-insoluble protein ( Table 2 ), indicating that all three RNAs had messenger activity. No attempt was made to optimize the RNA concentration, or the K + and Mg 2÷ concentrations in the assay mixture, since the transcripts were only available in limited amounts. However, the reaction conditions are near optimal for several eukaryotic messenger RNAs (Pelham & Jackson, 1976) and incorporation was sufficient for our purposes.
Aliquots of the translation mixtures were heated with SDS and 2-mercaptoethanol and analysed by electrophoresis in an SDS-polyacrylamide slab gel, after electrophoresis the gel . 5/A of translation reaction mixture were denatured and electrophoresed in a discontinuous SDS-polyacrylamide gel (Laemmli, 1970) at 100 V for 18 h. 3~S-labelled polypeptide bands were detected by fluorography. Electrophoresis was from top to bottom; O = origin. P1, P2 and P3 denote the major polypeptides programmed by ss 1, ss2 and ss3 respectively. 35S-labelled P 1, P2 and P3, synthesized in vitro, were purified by SDS-PAGE and then hydrolysed with trypsin. The resulting peptides were fractionated by paper electrophoresis at pH 3.5 was stained with Coomassie Blue and then fluorographed. Since polypeptide bands were not destained prior to fluorography, unlabelled mol. wt. markers could be directly compared to radioactive translation products. The ss 1, ss2 and ss3 directed single major polypeptide bands (denoted P1, P2 and P3 respectively), with little background and few premature termination products (Fig. 4) . The mol. wt. of P 1, P2 and P3 were 62 000, 55 000 and 52 000 respectively. In vivo 35S-labelled 38-4-A virus capsid polypeptide co-migrated with P2. Assuming that 20 daltons of dsRNA encodes 1 dalton of polypeptide, the mol. wt. are similar to those calculated for full-length translation products (63 500, 59 500 and 54 500 for ss 1, ss2 and ss3 respectively). P1, P2, P3 and in vivo 35S-labelled 38-4-A virus capsid polypeptide were compared by analysis of [35S]methionine tryptic peptides. Each polypeptide was purified by S D S -P A G E , extracted from the gel and hydrolysed with trypsin. The [35S]methionine-labelled tryptic peptides of P1, P2 and P3 were dissimilar (Fig. 5) ; those of P2, however, were almost identical to those of capsid polypeptide (Fig. 6) 383 polypeptides, P1, P2 and P3 respectively and ss2 encodes the capsid polypeptide. The co-migration of P2 and capsid polypeptide and the similarity of their tryptic peptides suggests little or no in vivo post-translational modification.
DISCUSSION
T1 fingerprints and hybridization of the dsRNAs of 019/6-A and 34-4-A viruses suggest a high degree of sequence homology between 38-4-A dsl and 019/6-A dsl and a moderately high homology between 38-4-A ds2 and 019/6-A ds2. Fingerprint analysis did not show similarities between the individual dsRNAs of 38-4-A virus, or between those of 019/6-A virus. Hybridization analysis which is much less affected by minor sequence differences revealed slight (on average < 10%) homology between the individual RNAs of each virus. This low level of hybridization could arise from common 3'-and 5'-terminal sequences, similar to those of multicomponent plant viruses, probably involved in RNA polymerase, coat protein and ribosome recognition (Symons, 1979; Pinck & Pinck, 1979; Gunn & Symons, 1980; Gould & Symons, 1977) .
The ds2 of 38-4-A encodes the capsid polypeptide of this virus. The close serological relationship of 38-4-A and 019/6-A viruses, coupled with the sequence homology of 38-4-A ds2 and 019/6-A ds2, indicates that ds2 of 019/6-A virus likewise codes for the capsid polypeptide. Since 019/6-A virus has only two genome segments and requires the entire coding capacity of ds2 (59 500) for the capsid polypeptide (mol. wt. 60 000), ds 1 probably encodes the virus dsRNA-dependent RNA polymerase. The more extensive sequence homology between 38-4-A dsl and 019/6-A dsl than between 38-4-A ds2 and 019/6-A ds2 suggests greater conservation of the putative RNA polymerase sequences than of capsid sequence.
The combined data of RNA fingerprinting, hybridization and peptide mapping of translation products prove conclusively that ds3 of 38-4-A virus is not a simple deletion of either dsl or ds2. Unfortunately, reliable methods for controlled transmissions of mycoviruses and their constituents, which would be required to prove whether or not ds3 has a genomic function for 38-4-A virus, are not available. However, by comparison with the closely related 019/6-A virus which has only two RNAs, ds3 would not appear to be
